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WIND-TUNNEL INVESTIGATION OF LATERAL AERODYNAMIC
CHARACTERISTICS OF A POWERED FOUR-DUCT-PROPELLER
VTOL MODEL IN TRANSITION

By Kenneth P. Spreemann
Langley Research Center

SUMMARY

A wind-tunnel investigation to determine the lateral and directional aerodynamic
characteristics of a powered four-duct-propeller 1/5-scale model of a VTOL airplane
has been conducted in the 17-foot (5.18-meter) test section of the Langley 300-mph 7-
by 10-foot tunnel. The model was tested through a sideslip-angle range at angles of
attack of 09, 80, and 120 and with duct deflection angles from -5° to 900 at various thrust
coefficients from hovering to conventional forward flight.

The initial cruise configuration had neutral directional stability in the power-off
low-angle-of-attack conditions (0° and 89) and became stable at the high-angle-of-attack
condition (129). A larger vertical tail having a higher aspect ratio than was used on the
initial configuration provided a slightly stable model in the power-off condition; however,
in the power-on condition, the model became unstable in the lower transition-speed range
regardless of tail geometry. Tail-wing fairings of various sizes and shapes significantly
increased the directional stability.

Differential deflection of the elevons (vanes) in the ducts provided large control
increments in roll and yaw through the transition-speed range; however, the total require-
ments for trim and control will necessitate the use of both elevon deflection and differen-
tial propeller thrust throughout the transition-speed range.

INTRODUCTION

As part of a program to study the aerodynamic and control characteristics of a
four-duct-propeller VTOL transport airplane configuration, an investigation has been
conducted with a 1/5-scale model in the 17-foot (5.18-meter) test section of the Langley
300-mph 7- by 10-foot tunnel.

The stability tests were run in two phases. The first phase dealt principally with
attempts to modify the initial configuration to provide a stable model in the longitudinal
mode. (See ref. 1.) In the course of the first phase of testing, it was established that



the model had lateral and directional instabilities. The second phase of the investigation,
presented in this paper, dealt primarily with the lateral and directional stability and
control in transition and various types of modifications employed in attempts to reduce
some of the instabilities encountered.

SYMBOLS

The positive sense of forces, moments, and angles is indicated in figure 1 for the
complete model and in figure 2 for the ducts, propellers, and elevons. Moments of the
complete model are referred to the assumed center-of-gravity location indicated in fig-
ure 3. The yawing moments of the propellers are referred to the individual propeller
plane.

The units of measure used in this paper are given both in the U.S. Customary Units

and in the International System of Units (SI). Details concerning the use of SI, together
with physical constants and conversion factors, are given in reference 2.

A¢ vertical-tail aspect ratio, (Span) 2/Area

b reference wing span, 7.667 ft (2.337 m)

Cl,s rolling-moment coefficient referred to stability axes, Mxg /qu

Cn,p propeller yawing-moment coefficient, Mz p /qu

Cn,s yawing-moment coefficient referred to stability axes, Mgg /qu

Cp propeller power coefficient, 27Qn /pn3D5

Cr total propeller thrust coefficient based on free-stream dynamic pressure,
TT/qS

Cr.1 individual propeller thrust coefficient based on free-stream dynamic pressure,

pressure, Ty / aS

Cr.o individual propeller thrust coefficient based on rotational speed of propeller,
2
Cy side-force coefficient, FY/ qs



Cy,p

ot

propeller side-force coefficient, FY,p /qS

local chord, ft (m)
9 b/2
mean aerodynamic chord, §S c2dy, ft (m)
0

propeller diameter, 1.40 ft (0.427 m)

Lift, It (N)

side force, positive toward right along Y-axis, Ibf (N)
propeller side force, lIbf (N)

horizontal-tail, or stabilizer, incidence angle, positive when trailing edge is
down, deg

wing incidence angle with respect to fuselage reference line (X-axis), deg

rolling moment about the Xg-axis, positive clockwise looking forward,
ft-1Ibf (m-N)

propeller yawing moment, ft-lbf (m-N)

yawing moment about the Zg-axis, positive moment rotates nose to right,
ft-1bf (m-N)

rotational speed of propeller, rps

propeller shaft torque, ft-1bf (m-N)

free-stream dynamic pressure, —;-pvooz, 1bf/ft2 (N/m2)
wing reference area, 9.0 £t2 (0.836 m2)

vertical-tail area, ft2 (m2)

thrust of each propeller, Ibf (N)



Vo
X,Y,Z

XS’YS’ZS

P
Subscripts:
F

R

Rt

Lt

total propeller thrust, thrust plus drag (propeller off) at @ =009 and
op = 09, Iof (N)

free-stream velocity, ft/sec (m/sec)

model axes (fig. 1)

stability axes (fig. 1)

spanwise distance from plane of symmetry, ft (m)

model angle of attack of fuselage reference line, deg

sideslip angle, deg

duct deflection angle, deg

elevon or vane deflection angle, deg

model pitch angle with respect to fuselage reference line in hovering, deg

mass density of air in free stream, slugs/ft3 (kg/m3)

front
rear
right

left

Model components:

Hj,Ho

Vi

horizontal stabilizers

vertical tail



MODEL AND APPARATUS

A three-view drawing of the complete four-duct-propeller VTOL model, together
with pertinent dimensions, is given in figure 3. The model was mounted on a sting-
supported six-component strain-gage balance for measurements of the forces and
moments of the complete model. The wing reference area of 9.0 ft2 (0.836 m2) and the
reference span of 7.667 ft (2.337 m) provided an aspect ratio of 6.54. The reference
area and span included the short wing, the projected planform area and span of the rear
ducts, and the outboard stabilizer on the ducts. (See fig. 3.)

Thrust was provided by the four ducted propellers, two mounted forward on the
fuselage and two mounted rearward at the tips of the short wing (NACA 64A418.5
(modified) airfoil section). Four nacelles were also mounted on the wing to simulate the
nacelles of the four engines, which on the full-scale airplane would power the four pro-
pellers through shafting and gearing. For the model, however, each propeller was
powered by an electric motor in the center body of each duct. Therefore, the duct center
bodies were actually larger than they would have been if scaled down from the full-scale
airplane. The motors were mounted on strain-gage balances; the two right-hand motors
were instrumented to measure the normal force and pitching moment of the propellers,
whereas the two left-hand motors were instrumented to measure the side force and yawing
moment of the propellers. Thrust and torque were measured on all four propellers.

Details of the ducts and modified lips are shown in figure 4. Each pair of ducts
was mounted on a shaft with actuators attached so that the front and rear ducts could be
rotated through angle ranges independently of each other. Duct deflection angles were
varied from -50 to 90C. Details of the various vertical tails used on the model, elevons
(vanes) used in the ducts, and horizontal stabilizers used on the rear ducts are shown in
figures 5, 6, and 7, respectively. The tail-wing fairings and the vertical fins used on
top or bottom of the rear ducts are shown in figures 8 and 9, respectively.

TESTS

The tests were conducted in the 17-foot (5.18-meter) test section of the 300-mph
7- by 10-foot tunnel. The arrangement and calibration of this test section are given in
reference 3. The tunnel velocity and the model propeller speed were held constant
throughout the sideslip-angle range for a particular run. The wing incidence angle was
set at 30 with respect to the fuselage reference line throughout the investigation. The
various thrust coefficients were obtained by varying the tunnel velocity while maintaining
a constant model propeller speed. The thrust coefficient Cp was based on the total
thrust T of the propellers. The total thrust was obtained for the model by taking the
difference between the longitudinal force with the propeller operating and the longitudinal
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force with the propeller removed at zero angle of attack and zero duct deflection angle.
The thrust coefficients of each propeller (CT,l and CT,Z) were based on the measured
thrust of each propeller at each angle of attack.

The Reynolds numbers, based on wing chord or duct chord and free-stream veloc-
ity, for the range of thrust coefficients are given in the following table:

c q Vo Reynolds number based on —
T 1bf /12 N/m2 ft/sec m/sec Wing chord Duct chord
0 10 478.8 91.8 217.98 9.8 X 105 4.8 x 105
4 10 478.8 91.8 27.98 9.8 4.8
.8 7 335.2 76.7 23.38 8.16 4.0
2.1 3.5 167.6 54.3 1 16.55 5.8 2.85
7.1 1.3 62.2 34.5 10.52 3.5 1.72
25.0 .42 20.1 18.8 5.13 2.0 .92
60.0 .19 9.1 12.7 3.87 1.34 .66

PRESENTATION OF RESULTS

The results of the investigation are presented in the following figures:

Figure
Stability:
Initial configuration —

4 7 e+ Y 10

Tail off . . . . . e e e e e e e e e e e e e e e e e e e e e 11
Tail size and aspect ratio . . . . . . . . . . . . oL Ll e s e e e e e e e e e 12
Effect of pOWETr . . . . . . . e e e e e e e e e e e e e e e e e e e e e e e e 13
Effect of tail-wing fairingandpower . . . . . . . . .. ... ... 000 14
Effect of fiNS . . . . v v v v i e e e e e e e e e e e e e e e e e e e e e e e e e 15
Revised cruise configuration —

Tailonand off . . . . . . . . . o . i e e e e e e e e e e e e e e e e e e e e e 16
Rear ducts and wing removed . . . . . . . . .« « v ittt et e e e e e e e 17
Fuselage alone . .. .. .. .. ...... e e e e e e e e e e e e e e e e e e e 18
Transition —

Tailonand off . . . . . . . o 0 i e L e e e e e e e e e e e e e e e e e e e e 19

Control:
Cruise configuration . . . . . . . . . . ¢ . . o 0 o u ol h e e e e 20 and 21
Transition . . . . . . 0 i e e e e e e e e e e e e e e e e e e e e e e e e 22
Effect of tail-wing fairing size. . . . . . . . ¢ . ¢« o o i L 0 h L e e e s e e e e e e e 23




For some tests, propeller data were recorded and are presented as parts of the appro-
priate figures.

DISCUSSION

Stability

Initial configuration.- Data for the initial configuration are given in figure 10, which
shows that the model had neutral directional stability at low angles of attack in the power-
off condition. The directional stability was increased at the high angle of attack, 12°.

Figure 11 shows that with the tail off, the model was unstable at all test angles of
attack; however, 3Cn,s 88 was less negative at the high angle of attack. In attempts to

improve the stability of the model, larger vertical tails with higher aspect ratios were
tried. The results of these changes are given in figure 12, which shows that the higher
aspect ratio tail (designated vertical tail 3 and made by extending the span of vertical
tail 2) provided a slightly stable configuration in the power-off condition. However, with
increases in power (higher values of C7), the model became progressively less stable.
(See figs. 13 and 14.) A comparison of figures 13 and 14 shows the effects of adding a
tail-wing fairing (designated tail-wing fairing 1) to the model. This modification provided
considerable improvement in the directional stability of the model. In addition, a set of
fins (fig. 9) were installed on the rear ducts in a further effort to stabilize the model.
Even though these fins were effective throughout the speed range, the model was still
unstable in the low-transition-speed range (CT = 2.1). (See fig. 15.)

Revised cruise configuration.- Tuft studies indicated that there was a completely
stalled region at the vertical-tail—wing juncture. At this point in the test program, a
tail-wing fairing (designated fairing 1 in fig. 8(a)) was adapted to the model. This addi-
tion did improve the directional stability, as shown by a comparison of figures 13(b)
and 14(c), but the model was again unstable in the low-transition-speed range at CT = 2.1
(fig. 14(d)).

In the second phase of the test program, a larger tail (designated vertical tail 4)
with the tail-wing fairing was incorporated on the model. The results are given in fig-
ure 16 and indicate that there was some improvement in stability; however, in the high-
power low-speed end of the cruise-configuration flight range, the model was neutrally
stable or unstable. (See figs. 16(c) and 16(d.) This result would imply that in this speed
range differential thrust or some other form of stability augmentation system will be

required.

The contributions to the lateral characteristics of various components of the model
can be determined from figures 17 and 18.



Transition.- The lateral and directional stability characteristics of the model
tested are presented in figure 19, which shows the effects of rotating the ducts from the
high-transition-speed range (6D,F =0pR= 150) to near hovering (5D,F =0DR = 900).
From the high-transition-speed range (CT =0.40, op,F=0pR = 150) to the lower range
(CT =171, GD,F =0D R = 60°>, the model was stable between sideslip angles of -100
and +10°. In the very low transition range (cT = 25.0, Op,F = 0p,R ="75° and
Ct=60.0, op,F = 5D,R = 900), the model was directionally stable within a more limited

sideslip-angle range.

Control

Cruise configuration.~ Figures 20 to 21 show the effectiveness of differential
deflection of the elevons (vanes) for roll control at various thrust coefficients. Elevon
deflection angles from 0° to 100 or 15° provided proportional increments in roll control
in the power-off condition. Beyond these angles the control effectiveness drops off
(figs. 20(a) and 21(a)), probably due to the stalling of the elevons at the high angles of
attack. Differential deflections of the elevons were more effective in the power-on than
in the power-off condition (fig. 21). This increased effectiveness can be attributed to the
higher rate of mass flow over the elevons for the power-on condition as compared with
that for the power-off condition in which the windmilling propellers retarded the flow
through the ducts. With power on, however, large yawing moments are incurred
(figs. 21(b) and 21(c)) which would require proportional cross coupling of the roll and yaw
controls from differential propeller thrust.

Transition.- Lateral control characteristics in the transition-speed range in which
the ducts are rotated from low angles (high speed, Cr = 0.40) to the vertical (hovering,
CT = «) are given in figure 22. When only elevon deflection is used, a problem arises
similar to that in the cruise range, previously discussed. As the ducts are rotated up to
proceed into the low-transition-speed region and eventually hovering, the differentially
deflected elevon control gradually converts from primarily roll control (fig. 22(a)) to yaw
control (figs. 22(b) and 22(c)) and eventually becomes all yaw control (fig. 22(f)). Thus a
situation exists similar to that in the cruise condition wherein proportional cross coupling
of the roll and yaw controls from differential propeller thrust and elevon deflection would

be required.

A larger scale model of an earlier version of the present model was tested in the
Ames 40- by 80-foot wind tunnel. (See ref. 4.) The earlier configuration had a differ-
ent fuselage and tail and relatively smaller ducts than the present model. However, the
results show the same trends in lateral and directional stability and control as the model
of this investigation. The investigations support one another very well, showing that for



an airplane of this type programed cross coupling of controls will be necéssary in the
transition-speed range.

Effect of Tail-Wing Fairing Size

At the end of the second phase of testing, an investigation of the effects of reducing
the size and altering the shape of the tail-wing fairing was undertaken. The lateral aero-
dynamic characteristics are given in figure 23, which shows that there were only small
reductions in the efficiency of this modification as the size was reduced; however, even
the smallest fairing provided favorable results.

CONCLUSIONS

A wind-tunnel investigation to determine the static, lateral, and directional sta-
bility and control characteristics of a powered four-duct-propeller model of a VTOL air-
plane indicated the following conclusions:

1. The initial cruise configuration had neutral directional stability in the power-
off low-angle-of-attack conditions (0° and 8°) and became stable at the high-angle-of-
attack condition (129),

2. A larger vertical tail with a higher aspect ratio than was used on the initial
configuration provided a slightly stable model in the power-off condition; however, in the
power-on condition, the model became unstable in the lower transition-speed range
regardless of tail geometry.

3. All the tail-wing fairings employed gave significant favorable increments in
directional stability.

4. Differential deflection of the elevons (vanes) in the ducts provided large control
increments in roll and yaw; however, the total requirements for trim and control will
necessitate the use of both elevon deflection and differential propeller thrust throughout
the transition-speed range.

5. In the cruise configuration, fins on bottom or top of the rear ducts provided
significant increases in the directional stability of the model.

Langley Research Center,
National Aeronautics and Space Administration,
Langley Station, Hampton, Va., September 14, 1967,
721-01-00-23-23.
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Moment re ference

Moment reference

Figure 1.- Conventions used to define positive sense of forces, moments, and angles for the complete model.
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l Moment reference
(propeller)

Figure 2.- Conventions used to define positive sense of forces, moments, and angles for the ducts, propellers, and elevons.
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Figure 3.- Drawing of complete model. (Dimensions given first in inches and parenthetically in meters.)
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p
8

| 490 62—
(1245) _(0I57)
bl

9.80
(249)
Enlarged view of duct and modified Iip sections

Diminishes to zero

Maximum

Figure 4.- Details of ducts and modified duct lips. (Dimensions given first in inches and parenthetically in meters.)



8./6

(2073)
\

\

A

\
c=1590 (.404)
24.00 \
(6096)
_ _ 25¢
— \
\
10./19
(259) 277° Top of fuselage
\
( A\
622 >
fez 30.75(.781) -
- 2160 (5486) ——— >

ST

Moment reference center —————’

{a) Vertical tail 1, NACA 0015-64 basic airfoil section; At = L.61; St = 2.48 2 (0.230392 md).

Figure 5.- Details of vertical tails employed on model. (Dimensions given first in inches and parenthetically in meters.)
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700 —=

" (178)

c=/377 (.350)
2440
(620) \
25c
\\
.
1033
(2624) /25 ° Top of fuselage
/
\
622 3235 (.822) -

(158)

1876 (4765) ——

Momen't reference center

(b} Vertical tail 2; NACA 0015-64 basic airfoil section; At = 1.89; St = 2.19 f12 (0.203451 m2).

Figure 5.- Continued.
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(299)
25°
\ Top of fuselage
, \
\
622 33.17 (.843)
(158)
18.76 (. 4765) ——— >

Moment reference center

{c) Vertical tail 3; NACA 0015-64 basic airfoil section; At = 2.67; St = 2.40 ft2 (0.222960 m2),

Figure 5.- Continued.
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(701)
11867*
1280
(3251)
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\
622 -
(158)

17.40 (442) ———

Top of fuselage

33393 (.848)

Moment refarence center

(d) Vertical tail 4; NACA 0010-64 basic airfoil section; A¢ = 1.93; Sy =274 ft2 (0.254546 m2),

Figure 5.- Concluded.
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Vane pivot
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(’2{95; 900 1216
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(184) —> 420
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_ {/84)

(474)

Rear left vane

Figure 6.- Details of elevons {vanes) used in ducts. (Dimensions given first in inches and parenthetically in meters.)

19



N
395
9.40 —’1 ~——250
(239 | | (0635)
59~
| 536
{./i 6)

Duct pivot

(1626) | 1(095)

[_i/fze\___l Duct f
74/—/

505 |=—
(1283)

H (NACA €4 A 4/5 section)

~———— /557 ———— >
(395)
640 —| 3.74 ~—

250 <-\ T

Duct pivolt

Vane Z
- R -

80/
(2035)
Duct
505 < -
(1283)

Ho (NACA 64 A4/5 section)

Figure 7.- Details of outboard stabilizers. (Dimensions given first in inches and parenthetically in meters.)
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Figure 8.- Drawing of tail-wing fairings. (Dimensions given first in inches and parenthetically in meters.)
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Figure 8.- Continued.
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Figure 8.- Continued.
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Figure 8.- Concluded.



Le

~
/

075 radius
4 (019) L p
—
4 . | }
_/— >
T TTr 7~
/ | {
/ | ;‘
/ i
/ R
/ |” \\
Ly
~ .
— “'_:f\_:*}il i \
e = — I! i— //}
—— vt T
\ W/
\ :\\’
|
\\ | v
L
vl
= .
375 T
(095) 600
(152)

e

re—— 9.00 —
(229)

Section A-A enlarged

2.50 ’4——6'.50 —

(064) (./165)

—.50
(0/3)

Figure 9.- Vertical fins used on rear ducts. (Dimensions given first in inches and parenthetically in meters.)



ll ittt

it

EREE a,deg it
SN o o H
g T XN \5%1\ a & o
EAEEE ‘*E%:= o 12 T
I |

X))
Q
—
g
i
A=

N
O
il IR

t
N

TT7TT
T
;
mnm
1
x
i
[74)]

-10

4-f1-
S
i

o5 zzéz; I
s 0 EI I s ;%;%&zg:m ’ %g I

-05

IRREEE] [REREE]
EI’JLW Hl L T

=TT IEEEEEEEN)

H
g
S T TR
05 i FH%%
E T
o H 25::\:?\\ L
Gs Fif \<§::\:“\ M
HrHH \ N ™~
-.05HH (] F&ax ::ED:F L:’_\‘\\
i ]|yt
SuERE ‘2"\\HL
EEwEN
~/0 HHE T
5 LT
-15 -10 -5 o 5 0 /5 20 25

£,deg

Figure 10.- Effect of angle of attack on sidesfip characteristics with vertical tail 1. &p ¢ = 50, pR = 09, by = 6V,R = (9
vertical fins off, Hp; iy = -109 Ct = O; propellers off.




10 T g

aza a,deg +H

| 0 o T

5 CE::‘;\ 0 o 8 B8

st o 2 eee

Cy ot %ﬁe;.w :él e

L Qgh_ﬁﬁ% :f

*1::: T

-5 i EREE
-10

.05 alll| -

TN

TR i

Cns O Ras:o L yeRarY PNRY ze=

\\\E)‘::: S T g

T

-05 o FHH

~10 ‘;

10

%\\\ 2§\ —;

o5 I 1‘\§F@\ n

[ONIN

\\éh“\& ]

Swold H

cl:s o RN TR TH

\\\ Tl\ ()\‘\‘()\ H

RN T T

TS N H

-05 R et

e e

K paa

-10 -

-15 -/10 -5 o 5 0 15 20
B, deg

{a} Cr = 0; propeliers off.

Figure 11.- Effects of angle of attack and power on sideslip characteristics with vertical tail off.

bpf = 5% SpRr =09 By = byRr = 0% vertical fins off; Hy.

29



30

Crs

o

il

Il

o

2

I

Il

T

T

TTIT

INEEEN I T

|0 I R
[T

I
1
1
1

3

EEERScRRun Y
H R |
0 E H =§.;’;§::::m___
H ﬂ&:;:gw-\
H b’ H }'::-

-.05

Ill ENEEERENENENEN EEEERRENE] 1

! T H!IjTH I

-0 i
08
o5 ‘:%:55:?%
F R
H "&t\
A Tessal
O o TR
EaE TG
EEEl kt:» \0\“‘()
- N
[ \H\\
-05 \\:@

D L O
{lH N

T

=10

3

-10

-5 o 5
A,deg

(b} Cp = 0; propellers windmilling.

Figure 11.- Continued.

/10

5

20



11T

T
a,deg
\: I~ —: 0 RYEE

i

TN

1

€0
7

ST T
IEREEEEEREEEES|

J
i
Ilf
HERE
OO0
Q

174

BT
A %%
yi
7
1

7

r
iL
2
Pl

HE N
0 O O O

P H
T T

r
#
1
TII 1
O O O I I 0

ENEEEER

3

DY4
r i
i
77
Z
N4,
=)
11

v
A
i
I

20

A0

T | ]
TRELTLL
\Wéi\ bl H
e g
isi==3N
S

o\l <>::~:E§“~\

—‘\"%§:=x, ]

Gs O

-20
-15

TN T

N L]

\=:% KDLl =
S84 L Be

7
=
<
i
7
o]
|

1]

i

7
* i
IR NN

I
|
11T

-/10 -5 17, 5 10 /5
B, deg

S

(© C=0.80.

Figure 11.- Concluded.

31



10 FHTH TR |

ek Vi 4 &
BN o / 61
51 \{ﬁ\ﬁ o 2 (89
it THid o 3 267
&r 0 T T
& el
T ey
-5
is T
H T
- [0}
05
: L loHH
C 1 o Lim N 1 L] L int 4 ol
ns o r >____2 Enmw =i T % i< e
bt |
-05H
JOHHH \
i :
Licvwyp
Ll LSRR
o5 il
o \:Sﬁ%w
Cs OF Ty il
25 \\:%:::\
-05H pAl
I L
£ O
-/0"
-5 -10 -5 o ) 10 5 20 25
A,deg

Figure 12.- Effect of size and aspect ratio of vertical fail on sideslip characteristics. a = 09, bpf = 50, bpR = 0°; byf=08yR= o,
vertical fins off, CT = 0; propellers off; Hy; iy = 0.

32



/0 (RN RN NN s

e a.deg
4§ [Fo o i
5 @\:;%tz\ R o g 8
\Eﬁaa_ {1 < / 2 ___E
e i
¢, O L.hm"% T
ot 2=t
TR i
i TR L
-0 2
.05 H
(NRE gl i
Cns O Emmmers= fallD SR o oo R A 8
’ g;z#i?-"
-05 :
/5 ]
b | H
| H
10 W
Ej:\ R
\tilg» [or, _l
05 ~\\,£§~§ ﬁf\ ]
§§§}: i}\ []
S il\i
ESOY 3
61;5 O ‘H:;& H
YWl T
05 N H
-. \(x:::\z 5
T || 1T T
| I
0 N HHH
-/
-/15 -10 -5 0 5 10 /5 20
B, deg

a) Cy = 0; propellers windmilling.

Figure 13.- Effects of power and angle of attack on sideslip characteristics. &pf = 0% 8p g = -5.25% &y = by g = 0% vertical tail 3;
vertical fins off; Hy; iy = 00.

33



43

Prop

EZNEP SEEN!

faY
T

}H\IIHIIIIIIH!II‘

a,deg —

o 1

i

(Ol D el N Y TN
—

N

i
e ::g.z:&;zi

j
- S———

Figure 13.- Continued.



(T
a,deg

o
{ ; 8
e o o 2

]

7z,
7L
e 24
" 2
ri
!
| )
T

T
1

/4

g

BN

I

T

1T

r/A
15

NN EEEE RN
(NSRS AN AR

[HEEENEEEEEEENEEE SN AN NN

I
I
T

I

I

0
RS

nam
"_____ N D, i F = b u _‘____? il o
/] Ad ___=€}====

i

I

EENNNENNS IR RSEESEANA N RSN

I
EESEENERNENENE A REEEE

HERERNNEE

IR

| ;
AN NN R

i
T

EEEE IS BN EE RN

T
1T

-10 -5 o 5 /0 /5

£, deg

(B Cy = 0.80.

Figure 13.- Continued.



Prop 4

Prop 2

H AV AT L) ﬂwV
1 AT —
7= a2y SI—
<EXC AV = ) 2
s L L{IN Y
I'ﬁ e B) %@H 3
7B bl
— i i
y. -y
A N 2
|._r 2N » T
niy m v [
— Y v )
_h el A ) ﬂ—&
g jidhe ﬁ 4_@ — 4
£ 4 — ¢
1 | Wi |
4
& ¥ { Q
s ol v 2 A iy =
A &) AN 7 L¥ 11} !
|

B R ] !

(NS EENER AR w
= '
I~
-3
= -

2 5 Q0w a
= °co¢o o
i — [ 0
! - “ AV
h— - 2 — 2
¥ 9 e ?
re & —
& s b L a0 iy - 0
i il i I
o @ )3 Q I »W — ~
! il ) Y —=::::- [
i r-N P & y.
LV 4 J-_\ I—v A7) J-I\
J— 2 N TTITT 5
—— Tl - T - .F\I[
I : 3 o
m i
TITTT I
Y o L}
& -
) i ¢ el
: _ Q
i P PR
T — <
¥ = £y~ - )
< 2 !
e

201
JOE

Cr.

£,deg

(b) Concluded.

Concluded.

Figure 13.-

36



0 LTI R
) M a,deg iae
A | ERE HE
5 “:q?‘ztz:\ o o 0 i
TEk | | ™H O 8 gEaN
e L 72 H
C, O So H
14 '{L\ e
ol | EEst
X T
e L
-5 T 8
WL LT

=10
05 SHae
L ot i
s i
C T T ]
n,s o e HRET | Ny
L Ly Il =
O H
=TT '
-05 :;;
10 8
38%; HRES
ITHRE H

’EEEE§§
05 \‘QEQEQ\

\Q%\\ 1117
N LN [
Gs Ot o ]
2 N [ 1]
AN an
TNEN N T
W oM ]
-05 \&gL d T
g

=10

5 -0 -5 o 5 10 /5
B,deg

Ny
Q

(a) Cy = O; propeliers windmilling.

Figure 14.- Effects of angle of attack and power on sideslip characteristics with vertical tail 3 and tail-wing fairing 1.
bpF = 5% 8p R =00 byf =dyRr = 0% vertical fins off; Hy; it = 0P

37



10T |
Pt IHHHIHHHIH_
e | e ,deg e
5 ‘t¥\\ o 0 i
T EH T u
o 1_\::3“ o ) u
T “B:tt
c Y 0 R Sy
i,
(1111 M, \.51
M
5 HHH ‘~€;§a>
- SN
H+H t;§§ihg
-/OHH
.05+
LL 4 i
Cn,s O ot RiEREE e i
-05 T HHH
SO HRTE
e N
EHT el TN
may [TOLIN
H L
050 3
M @\%
b il
CZ,S 0 mr SN
s N
HH TN
I \\Cl \0\\ )
-.05 T
o MY
N
N
H+H \E
-10

-0 -5 0 5 /0 /5
£, deg

<
G

() Cy = 0.40.

Figure 14.- Continued.




mﬁuildw%un«u.,wﬂ« e

-0

-20

20

/10

!
Il
H**Q?-- i

GOm0

V

(305!

2]

il
[N}
oo Ry Bl

g%

C‘;:/ 05
o
/10

»

Cro .05

B,deg

(b) Concluded.

Figure 14.- Continued.

39



g N

a,deg

5 T ° 0

/2
7k
O

8

| o /2

D
Q

|
NN NN R

T TTT T

05

| | L LHOrTT
C”;s o RERRQLSANERNNANREY AL AT aauy
R e i
-O5HH
2OHT
A0H ::f%?\
(111 7 T
mERR % ?F L]
G,s OHEH TR
"l&:::j}\__{)__
‘%::::% T
- 10T Hili

IMEREERNNREE
et

IBEEEEEERE] I

NN T

-,éifzzs -/0 -5 19] 5 10 /15

A,deg

(© Cr = 0.80.

Figure 14.- Continued.

40




R

el A
tp<r

77

-05

10 i & unN
TR fan
Ly, RPN
B T
@:‘::tm 1]
Cy O TSl +
-1.0 Jaun
umm
Ht O FHH
H O HH
T O 111
.05 -
Ei:\\d\ in
Cns O S A LT T
v -—<>~__~i;r—"~-=£: L I
'_"’w’-- el 1

&

1
0 O

L

T

20

%R g
717

T

[

HE W]

T

W
L]
? N

=10

|
+

l
ERENNASEN DN NN

At
I
NN

IEEREN

I

I

.15  -10 -5 o 5
£, deg

@ Cr =21

Figure 14.- Continued.

N
Q



HoP

HF

Prop 4

Ll e

r
Oyd Q—(?—Q—@'@‘@ l

o

FAPARY

o

a,deg
2

o

it

B,

T T

e T i K

Prop 2

3

KDt

Thit

o | 1

il
:

]

I 1}

tt
I ER D]

4

B.deg

{d) Concluded.
Figure 14.- Concluded.

B, deg

42



10

-1lo

05
Cns O

-05

10

.05

Ces O

-05

LLCLEL I D LT EET

-10

-15

Figure 15.- Effect of vertical fins and power on sideslip characteristics. a = 80; dpf = 5% dpr = 0% dyfF=byg = ®;

,ﬁ_i Vertical fins E
al| 1o o ;
Rl . a  Ontop BEE
ﬁ‘\hf 't O Onbottom 1A
g I H
gaL
TN H
el H
s Es
\‘@‘\\% 1
s
g8 D |
BPNURAC  rmmralE ey £
1 /] %L,L-L@#ﬁrg?’ i T
-1 :::::8::1: t;
o ;
Eé\@\ 1
F:\L%L i
“?9\
TR i
Iz s
N Qrz\\ _E
\\:E ) E m
-10 -5 0 5 10 /5 20
£, deg

{a) Cy = 0; propellers windmilling.

vertical tail 3; tail-wing fairing 1;

Hy; iy =00



44

ERRRRRNR NN RRRR N AAY
Vertical fins 331
o orf £
o Onftop £
O Onbottom ]
|
i :§§§5\\
\cl\\:%::\(
N TR
t}\\
\\E
05t
g i il
: ALLLL | e o il e
C”;S ? - ::::é;:::: l:’::ﬁ—::‘ =<
man BT ]
--05 ;:
15 HH
=l
: e
H \ {
: L1 Trend g
H \§(1§F\
B \
E %L\ 1L
: tf\
HA Gt
i I i :‘tzz, |
E ity \q;{
: N \i§i X
H | tl |
;; a
-/5H L]
-15 -/0 -5 o 5 /0 /5 20

B,deg

(b Cr = 0.40.

Figure 15.- Continued.



Lo

05
Cns O

L4

~05

=10
-15

AR RN RNRRR AR RR NN g
& H Vertical fins |||[H
TR T o OFff H
“\::Et I o Onfop T
RN + & Onbottom i
T | HH
\Ck~§§‘ pun
"8\ ]
§§éL i .
TR rr
\°5:\ H
\:QE EEE
1 1 LH __JJ h411—_ H

pLLITLL] IEREENERRE - =y ST AR
é?“ = 1
H
Nasw
;ﬂj
Dh.,‘ L1
Nan=SN 1T}
L 1
L | H
\f~\\~<£'.u\l\‘ i::
T IR am
Tialll
N 1
jj. EE‘=3= 3 H

S
O
o
S ]
=~
S
~
O
N
Q

B, deg

{© Cr = 0.80.

Figure 15.- Continued.

45



46

-05

.20

104

=10

=20

-15

-\‘“‘ﬁ}-‘\
fo. s NYgE]
£
| TR
‘\c 1~ A
\‘f}‘~ A
‘EE'\‘:\um
sl
‘Vertical fins
] o Off
| a Onlop
& Onbottom
] i EﬁﬁﬁﬁasgﬁégEEE i
I B Giss sasssz-sesiiin
***** - Y "*\E;\E:i%
EHHPHRR 1l
RN
SR L]
] SR ]
]
_ 1 o' S a
TN
\il_\‘\
_~~\§§2\_ L
LI L]
S
-0 -5 0 5 /10 /5 20
£,deg
(@ Cy =2l

Figure 15.- Concluded.




47

35

30

DF = 2% bpr = -39

25

20

.

15

10

B, deg

0; propellers windmilling.

ITTT T T T T T T e T T T TT T NN AR SR I N ) A T T
T T T T S IB E I 1 T ; T T T
1 T I 1 T It 1 T i T
T ! 1 I 1 1 T I T
! 1 ] !
LIS = 1}
X 7 i
™ — a 1
fe - = _ _
o N y P
EIA [P I ~© G s
TN NN W T v 7 f 7—7
w —7 17 f T —
=~ QQ I v { T 17
= —— ] T 77 | T 7 7
NP - LN AL pan - =
| N 1% bV AV'4 L5) S
7 17 1 I y —
7 i T T 4
7 17 T T y —
“ = £ # I
NS -~ i §r <X A iy~ —
AN AN rd 77 7 1/ 7
00i|\ 7 /4 7 /4 ré 7 7
s ] y /i 4 7 A—
1 ;i ¥ 1 —
& p: i . -
o {3 it 4 b S
8 i H A A—7
§ === £ ; =
=1
~ Qu ot Ly
y \¥a¥) A =)
>>>>> 1 77
= y/ -/ Ty 7 17—
= /4 W) 7 v/
4~ == £ 47
r:
o O OA - b A4 7 $id
i ) Wi i /i
1 A1 . 77
j , L 7 i /i y i
I T 1 77 181 /i y /4
f 1 T . p. w5y 5 5
i 1 2 ¥ L™ ) b 174
i py y i ) /i
. 4 49 7
A i AT /i
= p—— T 4\ 7
& S &
P SR :ﬁl\z
rii

F=0vR = 0% Hy it

(a) Ct

|
|
j
|
|
|
9

e

ri?!'

\:li
S
T '
il

|

ZE:A‘E&M&I}—"

B

‘I'

|

sl i S el TV S I -
‘‘‘‘‘ — — —_ T SN e
s
s JAES
P — T s
— 77 Tt
— i ya 11
JRERERR—— / A5 I

[
|
|
L
TTHAL
T
-G
|

-/0

—— 7 — = F——
R # S SRp— 7 A W

acs e —_
—— <& <

Figure 16.- Effects of vertical tail 4 and power on sideslip characteristics. &

L0
5
o
5
-LO
-15
)
o
-05
-10
10
05
o
-05
-10

c
n,
CZ,S

[ R

-15
-15



Tail-wing
a,deg Vi fairing

© (e .
4 /
ST ii g\z\ orf orf

& off Off
|

i

I

Q®Q

77
>4 a0

7
/i
ra

T T,
T
T
1
7.
LA
Aty
y /i
y /i
PAY/4
ék
iy 4
F

T IRBN I

y
y A
35
y A
g7
LA
7.

I OO I

o \\}rL ~‘€l~\\

H ey %)

i TR T

u ~==§E‘ || ha:%
-10HH e

. R

£ syl

a5 Wi

=3 ol

[N

T

T
)
o
3
r i
r A
i y i '
y A
¥

n i
Lot gy N

1

T
v

z [HENER]

i
T O A O T T e AT A T e T ] T T T
T

SR EEEEREEEBSNY SNSSNSEEENEEEN

)

i

|

]

LA
/4
y/i
r/ A
T
{
T
1
Moy
L5
1
t
AL
7

Cn,s K iy ITHOH
i B
-05 *(g%\%
= Rl
-/0 FEH RO T
Eey N
105
4 el
HA N
Fl <\\$\:\\
O5 B [T
e
L T Ig
o
0 1 \E‘ :~-.\ <>\
R TN TN
cl:s M \E%\\ P \-—<L‘““~/>~
5 ;E_ }::::SL\\ \\\\JX\
- 050 N TG
H T TPNE e
HH q \::E b L
N DL | ||
FH AN \\\ T LT
-/ O] B
T e Thad |
Ranm LG
ay
AL
LY

4
(€}

-15  -l0 -5 0 5 10 5 20 25 30
B, deg

(b Cy = 0.40.

Figure 16.- Continued.

48

35



TTTTTTTTT T T T T T TP PO P TP T 11717 T
| I 1T RSN EEEE) T T
I I T I NN T I
I I T T
5 Il 11
I A3
. g I \\\\“
w.m f w. — \\\\
R 2—Fp
g Qg 7L
a A 17
ﬂll Y A A
~ P
= - o N
o Y 4 77
—
> hoS
N owvw Rl s
0 0 i— y i 7
7. Y {d
- J ¥/ \
) z =
1) m%&w@ of
d-. Q®nQ / \\ f
S © o :
ws
P 7
[PE—— ih y A
0o od A o
r/i 1
—_— Vi )
L 1. 1 il 1y 1)
“ ; “ 117
_ 2%
i g/ I
_ Fa/a 1)
ra I
p— & €3]
1/
V7 4
———— i
LT M‘ "&
b - &
....... = g
e
R — ¢
131
— =
.>|MH.V|\WN%\1‘ ]
‘lllnlll\ . |]|§ ]
- .I!w\\mﬂﬁm m‘wllz
_ 4][\\ \N y/4 T
L \ P/
— 7 7 —
I '\E Y/ A
—  ———
g — & a7
0 Q )
m © Q © m_ . L ]
>N
Q

i T e e

49

25

/5 20

10
A,deg

0.80.

(o) C1
Figure 16.- Continued.

) -

~-15



Tail-wing

T -
11
:_a_ | —
l|||.!ll¥b]]!l‘t%\
s, —
_ f §
g oL
~ S - 3
I N = i
N QO- i
“ <
/i
1T
i
F/
- O
) —
N 44:0/:, e
X
0 Fip]
[ il
@ HE
i
- QuQo
b 7
I81/1
I
t
oood Ao
4/
./ A
1l
w“ 3
Iy :
I
1.
Y
i I
F 1
{
1
[ Y%
&
¥
yi
ri
i
77
I I
yav
VAV
ol
JAN &
7
ya — PN o
y A — g f—.
o e i - Q
1 I SR 1 —
1] I il Jp ~
= _ UN&W _
7 1 -
) VA Y.| T S
1 )
} T ER e e
! s ) : i jSSte bbws it T
[ ] ,;H_ _; _;TA, I T H I [N v 5
111 | ENE S TT T AN ERREEE EEEE [ [HEEEENNNEEE TT 1 [N 1 i O I NN N I ~
Q Q ~ Q ~ ?__ N ~ Q > N My
) n/__ 1 1
n
&

(d Ct
Figure 16.- Concliuded.

50



ey
S’
f
1
7
1
g

i
i

-

NN . I
W AN N

T

NN

o) 0 3 THA
] & éi‘ EEEEE
T O 0 Off (i
10 e a 8 Off 11

i
2
b7
Z
I
[

05 n

N
%7l
T
[EENEEEENEEAE

LI T T

El

71

]

i
[t
Nim)
'
[
| -4

1
11

C”,S o

¥

7717
1T
Tr

7— 1
o
L
1T
[}
1§
11
Fia
b ol

EEEE RN RN SN

I
O

7
V4
B
[
|
LT

-10

IEM ]

N

Biass il
T i
TR |
el T ||
. 5 A . - A )
y T
TR
it

-'0§,5 10 -5 0 5 /0 /5 20

A,deg

(@) Cy = 0; propellers windmilling.

Figure 17.- Effect of vertical tail and angle of attack on sideslip characteristics of model with rear ducts
and wing removed. &pF = 5% Sy f =00,

51



1.0 PEERETTTRRE v e gl
] a ,deg Vf
o) o 3
i & 3
<o 8 Off

I
I

TTTTTTT

|

1

]

1
P
Z)

/s
A
F 4

05T T i T

Cn s LLfLLL M _Lx*é:{, (Lrfd

T
|
p..vd

-/0

T T
A
4
Z

1T
VAl

IEREERS SN,

o
~
T T TITT]
P
B

1T
IS EREE)
I

10 HHHTHH

T
|

T

G5 O

DI SO 0 I
IR RN § e

O
!FIILN 1]
’ 1
I'd
¥
b1
=
I
]
ol
HoT
A
|
s
|,

I
!

r
i
T

-10 -5 0 5 /10 /5
B,deg

<
&

(b) Cr = 0.80.

Figure 17.- Concluded.




S

5 ]
‘;"""" \—i::m::: n =17 ;EE
e, o T T e o e T
s -
a ,deg
a8 T o o
il o & REE
o /2 iEs
.05 i
@==:~sa i
BEZER=s oo H
~=1§~_§=q . 1
Cns O ‘ litlin: F
: '§f===~ ﬁ—':
Wilhani: N
-05
.05
Py p i D N % SR g
C‘Z’s 0 = | & g
- 05

-/15  -l0 -5 0 5 /10 /5 20
B, deg

Figure 18.- Fuselage-alone characteristics in sideslip. Ct=10; q =10 Ibf/ft2 (478.8 N/m2).

53



10

-10

-1.5

05

Cns

(2

-05¢

-/0

10

05

IH R

R

>0 00

0

55)
v/ a)

1NN}

¥

[@NEe!

l'
A
L4

I

I

Ot

En

O 0 T S W

A1
LS NS]

T T
B N
i

IENEEEE

&

T e

p/4

|-
AL
[4)>:2 &1
Z7
11 7L
DiW ]
F ¥4

T

ot
LA

Im

s

I
Vs
)i? 93
y/ A4
Y/,
P A
Lt

¥ 4
y A
77

0
Y

/4

7
P —C<
17

T ITT

NN

)

S

54

(@ Cy=1040; &pr=68pRr = 15°.

Tail-wing

adeg V¢ fairing

3 /
3 /
orf 44
off orf

20 25 30

Figure 19.- Effect of vertical tail 3 on sideskip characteristics fn transition-speed range.
Modified duct lips; 8y F =8y g = 0% Hy; it = 0°.

!

AN ESERNE




1.0

Tail-wing
a,deg V¢ fairing

-10

-15

.05

.20

A0

S

-10

=20
-15

5 H o o 3 / H
H{THA i o 8 3 / H
N N 1 -+
3\:‘*:\:\\0 o < o ofr orf T
R nn -
\\:2\::; [T = A & orf off gan
TR 1T
IR nm
| nn
N [
lia il ki
%55:53:\ﬂ HoHH
S
INRBIT T HH
i 3

\\\\\:\f]

4

O
A:::‘A\ HH
‘\,4\:~~1 || 4 n
M T | LT N
[T | PSR H
T 14
R |

L et T
e T AT T i e
Nuny LANN
MO A H
T e
Susgses
ol H
SR
el
o | H
SIS0 1]
Sllg
B o
TR B
RaSERSeAY |
TR H
N T W
N T -
e

T e

-10 -5 o 5 0 15 20
B, deg

N
O

(B Cp=0.80; pf =bpR = 30°

Figure 19.- Continued.

55



Tail-wing

@,deg V. fairing
o} o 3 /
o & 3 /
o 0 Of Off
(OprreRT | J ' s 8 Off orf
FEEHSs T
T":& L
h, 11
0 i
. sl i Tl
ro HE ity Al
1O i s
HT I EEI ans il L
£ s jjg:iﬁ%ﬁfﬁ#;:g
HH T
_spbk i t
05 gt
e Eh___[__\ ”””” L
J T M T \
0 HL i LA | gL
- TTOrReERA LT Te
G H I q’;f“[:ﬁ j;; i Hrerrrrir——r-k___T : THA _(_LLL-—LEJF:E&
’ o ,ﬁﬂzjﬂﬂﬁj il %\Td‘ﬁi L
il Uit
i TRl
-./O.JE:_E
T
soflBa
EE:T ’\::t N
Ei, ) QE:F\ [
O i 1]
FH QES&E
F\
L TheL
-/10 B r FFE}: i
- il
Cos TNty
P “EF«*\
=20 51 NI
g li ‘*5‘5%3*#\
ol gt
-0 il fﬁ;;gi::v
_ao I fitté
s -0 -5 o 5 10 /15 20 25 30

£, deg

(c) CT = 2.1; 6D,F = GD,R = 450.

Figure 19.- Continued.

56

35



Tail-wing
fairing
o 3 /
3 /

8

o of off

20 g:\& it 8  Off Off it
masitIA]

a,deg V;

<o 00

I
1
T
1T

MY

-40

|
)

I
A
137
N—7
]
\Ié’
i
T
T
I‘
I\ES £]
7
J
4
i1
T
3.
J
{
L
)
.
I
]
7
1
AY
A}
|
NS NEREEI

)
—
A e )
14
1T
i
1T
s oy
L
1
I
1
1
-
LY
1
LY
A
2
.
LI
T
Y
T
1
1
17
s, 9
5
7
b s
s
7
ri
N
T
I
1
!
7
f i
Y )
bt~
A
FAY
FARY
.
T

Cn,s

A
S
A
ri
L
Y
'
I
f
Il

T

AT T T AT T T

K
~
O

t

T

I

FI ¥
71

]

1
E;EU

7/

LT
Ti1a
éa 7

iz

LT

o
AT

O
[’}
1
)
s
igl
S il
e
A
7
777
Z 17
%Il
y
rya
yA g
2.
]
K
7
1t
T
T 1

7
Igl
r#/d
v 1
2
I}
NN AN AR SR

-5 -l0 -5 o 5 10 /5 20 25 30 35
B,deg

(@ Cr=1.1L ﬁD,F = 6D,R = 600,

Figure 19.- Continued.



58

Tail-wing

. fairing
o o 3 /
u} 8 3 /
< o off off
a 8 7id orf
, Prop 2 1 Prop4
1.5 r I
Eé a%%:ﬁ:l%“?‘ é%ﬂ ‘ ‘
7,/ HH
St
b
.20
Cr2 ,0:_ & ﬁ#é? < E oals Jﬁn—o—d
o 355
E=snbiily DD
Cp 10 %i
./b i_ e
FH [ ko 1 il
il )
Cyp O AHTT ‘ I | ' O] qug ‘ il
P | J BRI
%JJA | T e
il |
il
05 B
Cn,p O %E ?&@ =T == ! ST O LGy
O il L

o
N
Q
N
Q
N
N
N
N
N
A
N

(d) Concluded.

Figure 19.- Continued,



Tail-wing
fairing

o 3 /

8 3 /

)

8

a.,deg Vy

Off  Off
Off  Off J

) L

>3O 00

5.0 P

i I
!
AR I

T
NN

Q
'Iigr‘
:

INEN
1.

-50 fl T

754
T

H—

/1

>

11

T
NN ENNNEN]

e L] 1
F TR 7
ST AR ST =
-/00
.
A
20 J | gt
N (1

finY

10 N F

AN

I
N
r
L]
Y
T
A I oy Y
AN
P
L] N A
o —
b P -
T
1
|
[

HEEENESNNIENENEANENN]

Lgx
c o i} N |
n,s H ,le/ ,QS/ R thie L// \\E‘ H
ot E~~\"‘““—EI"/ LA N 1
N A AT T
i\ Lo N
-/10 N 2¥\ N | L )U//r I \\\
. NA TN Lt
N '#5 ~~~~~~ q \\'JJ

A
"f
£
r A
ri
1
"}
(@)
T
I
I
i1
.
A I

-20] T

SRS NN
SLLL

_.‘
E.{'L
/7
TEL
77
LE>
T
i

207

/&N
T

ALY
ALY

T S T

-0 o 0 20 30 40 50 60 70 80 90
B.deg

(e) Cr = 25.0; bD,F = bD,R = 750,

Figure 19.- Continued.



Tail-wing
fairing

a,deg Wy

/

/
Off
off

3
3
orf
orf

SQwown

caoo«

il i

{e) Concluded.

Figure 19.- Continued.

60




PO

Toil -wing
a,deg Vy  fairing
5 ’ E o} o 3 j

A
AT
77
11
L% s
77
”Ifl
{
;
I
T
a
e
L]
in
I
INERS SRS

T

INSRRSASNAENEN]

-15

mENN

y4
2~
T
0 O O O Y

R

]
bl
y -
T
LY
AY
<
A}
yd
D 45 BRI
f @ 40 N

T
1

0.
(id
1

I
T
]
¥ -
Il
LY
AY
X3
5
i\
[
LY
1
T
T
1
FinY
N

N
e r—.%}
—
1

EERESSEE FNREY,

7 NS NEEEE T

T
{
T

OV T T Tt

INNEE EREI

-10 7] 0 2o 30 40 S50 60 70 80 90
B, deg

M Cr = 60.0; 8pf = bpg = %9

Figure 19.- Continued.

61



Tail-wing
a,deg V¢ fairing

T

LT

1

o O 3 /
a 8 3 /
Prop 2
100 EEFRHTT l
4; s 15 MW RN Jeee e
Oy sofftl (i i am E}#
il
§RiReh
0 B
ailiik
20 Ej i i
HHH
EE L LT | I
cr,p 10T é——-éﬁ% i
ok
E:‘ \_T_
20 Ejf 1] L
saitil
Cp 10 : Dr;rujiﬁﬁ{_{;”_czi T Eg{k*ﬂ TGRS
o B l H
5 : Lt
TT %;Eﬁﬁtﬁ# l i
FHITT 1 I | . l
Crp O Frp T T &Y
T R il
_.57‘1 ;;{'}il"w;%li;i;éi:z | i ]
ELH 1(
10 ;_ {
Cn o :? ll— RI_J {' T i
# gt Oﬂﬁfw-—d}-——d YT c:T:
-10 i i !
-20 o 20 40 60 -20

{f) Concluded.

Figure 19.- Concluded.




10 TR T LT T TR
;‘E SVJRf)dEg SV,Lf;dEg :E
5111 a Ho 0 0 4
\:ﬁ:::\ 0 O _/0 A ;
e :
R B
CY o \a“‘t}§i~ o
e :
\Ek%\ -
-5 | :
T H
-10 f
.05 ; E
AEI}‘-=—5$=:::E§::={ Y :Zg
Cﬂ,S o ,,_(}————-O’::_, 1_,,“5;‘::’ 7:
D ————()“‘ J.J———/-CR‘ !
BHTTTE ] 7 |
-.05 :
15
o] -
i HHH
A0 L _:_
1\\\\ \\[1 i

Loy St |
N i j

.05 *)\ \\\t}
\Y)\ \\\ i
c s el | \
o | ll I

\\Yk\ Ll\\\\ ;
I et H
\U\ [_:E
-.05 \\Q _:
\\,( -:E

-/0 | I

R o 5 /0 15 20
ﬂ Fa d eqg

@ « = 8% Cy=~ 0; propellers windmilling.

Figure 20.- Effect of elevons (vanes) for roll control with angle of sideslip. &pf = 50, 50,R = 09, vertical tail 3;
tail-wing fairing 1; Hy; it = 00.



'
~
O

T
7S SV,,‘?II deg 81/,!_)‘1 deg I
ERRERNENS A H
o \E}{\ o) 19] o H
PR o -0 o &
\{l\ |-
\§§\,
oy
i Sy
ﬁl\\
‘EL\\\
\El\
™
ihes EL.‘*:.C
mmE
HHH T e & RNBEARY: G
uEE g
bt kil
i
EEefiz s aNUARY
nms T
e \{1\‘
T IO~ 1]
SRERNIRARNNN] ML
T sttty T L
HOT TP S
H "ngw - |
AN \\\()\\\
T O\“Q\
H T

-10 -5 o 5 10 /15 20
B, deg

b a=0° Cy = 0.80.

Figure 20.- Concluded.




15 T
A0 5‘&2)\ _—_‘:
LN . HH
PN N 11
THTBL gun
c 05 SRR S i -
Yy - ‘ T T TIN | (LB bkl o] ([ T
b s L
VT <—ﬂl/“\ | - . VN T
\{\\ 8::{;\_ C)_,&f:ﬁ\ /ﬁ RN
C) N N B CrN_LL¢K]

Wt Svee.deg Sy .4 deg

T

i
Ml
1|

-05 4 © 0 o

) H O -15 5

s 20 20
05 0N 28 25

N

[T~ 1
3:5?;:\/\\ 3 ? H
TR A L | | | Ll ]
Cps O HToortr o oA oo oo
’ Q%‘\ ‘\ = = I
B T | R
-05 HH
i
15 T
I
S, SRy ]
1011114 TR s e s
. e AT TR T TISLAL CTTARR T
E:4<>‘" ;——<> < <>\\ iy NYS"—'AF 2[5\\13“‘4’!-5\* T
cC M <>‘~~:}~—~z>—_.{>__x‘s—~.z\ 7§~—J&-a §“‘4:~~ L 1]
%S (ot LTI THEH
o5 DHHOH L A ||
. \\\<>~~<> Eam
R IRARN REDREA mun
3__0.——-*\‘ O T TP 'O——-O—--O__.Q__{)__ Lo L LH O HEN
0 1]

-10 -5 () 5 /10 /5 20 25
a,deg

N

(@ Cy = 0; propellers windmilling.

Figure 21.- Effect of elevons (vanes) for roll control through angle-of-attack range. &pp = 2; bpr = -30,
vertical tail 4; tail-wing fairing 1; Hp; it = 00.

65



30 m ; N
E&k Sv,rt,deg 3ylu,0'egf_:
Exgsal o 0 0 H
20 SN | O /5 /15 HA
HHE ’4‘*\3_:22;: . A 20 20 FH
] LB TE SR N 25 25 H
/10 HE OO TR T TA A Il
c, 10 N LTI y
T PTG R 5>»—<>\,< N
] \\\(l \x,.__. 7] € \\>5I h Y D]
HH ToHP| HNT}NZ)TE\ T AT
saE 1L NSy
0 T ‘igi= SN
mag \\_\]s
{_].] \55\\ x§“§-&g\,§
i TR
-0
Hr S
[T M
.05 HH NN E.\ !
[ ™l [~ T~ ;
il
0 H H oo T RO b DrHOTTIPTrorHeHHHO
E, N :; “</-\\
Cn s :_ '\:‘L}\\zx-—- ananan )"\
f) o Ty\jé:\ﬂ_\ A >
~05 1 s -«>-::§§::~ o
T \%r-:&
-/0 2
30 {1
g L3 L
1NN JINRE T iy
20 F- T ""—E-___z\__ | st AT ——";__gr———t_\:——'&———ir-—ﬂ
o C T T e
C waRER ST i Ao puan ___J>____<>.-——<>~~—--«§
»5 I T OB R4 P N
A0 |
0 Ao oo D OO e

0 /5 20 25
a,deg

S
1

O
Q
O

(B C7 = 0.80.

Figure 21.- Continued.

66

30



a,deg

= 2.1

e} C1

Figure 21.- Concluded.

67



68

1)
-y

Cy 05 fgrmreen P TRt 1k

188
X
I
1
i\
)
[43)

W A

”"—‘j - LTIIIT SV'ﬁf,dEg é\V,Lfldeg i

05 HAHHHHE Ho O o
PN = -0 10

[
-

MR F N - 1L L L . | 1L 4L

T
T

)
oy

[ERR
A\
|
1
oy
]
"rw
|
[¢)]
i 6
|
1
(i
)
I

Fre
T

]
RN
I
E
.
|

'_rl I
|
)
[l
I
i
T
1]
I
1
L
T
1
I
JT
i
[

rrt

05 et e T

R L PRI L NRpEEE
1LTE AT T I

=t
—
|

!

10 e R

LT L T LT LT e L FLETT LI LRI T it
AENAuRinARR N A yu R T L L T L LT T ENREAl

T T L L T L e T T T AT LT ] A
IO T T ] T

0 FEE

1T I~ I
T T17 1 T TR T L1 b ]
] '] [ Pl rh 1 N [ ]

P |
[
if
7
3
ing
T

-/10 -5 o 5 /10 /5 20 25
a,deg

@ Cr =040, bpf =8y p = 15°.

Figure 22.- Effect of vanes for roll and yaw control through the transition-speed range. Tail-wing fairing 1;
modified duct lips; vertical tail 3; Hy; iy = 0°.



10 | (71

H

AN

c, //U l Syt \‘EL\\ HHH
o UL /] \\ ke tH
N T

[

Svrt.deg Sy ,s.deg |
0 o 1
O -10 /10 EEN

-05

AN
O

I

AN

I
I
I

!

1
[
I

Cps-05 +

T o -

L | LI 1]

i s NRNENE L :}_____——E]"" 1 -]

-/0 Raas
A0 o] TH
TN T

INEEENNANEEEN|

1
L]
by il
i
J
7
1
71
LT T

B

(-
I
|
1

)
7
4
'
|
I
!
1

)
~
1
1
\
1
1
L
(]
—t—
I
1
I
I
[ )
I\J

——
{.
4
1]
ad
/
1
1T

N
I

[
LT
[HEN

-05
-/0 -5 o 5 /0 /5 20
a,deg ‘

S

(b) CT = 0.80; GD,F = bD,R = 300,

Figure 22.- Continued.

69



——— >0 o — _ D) —
\\ “_ T j’% m _H ‘”% l*— N =
— o — | — ——
= © = e o
—7 9 = 4 — ‘ — M—
—/— 29 | : = —
f—— 3 | — ——— |
l«mwm GW... u — ! N ]
T ? A ) i} \ =) ]
\x —F HTTIUMI L _4, 1 =
/ . O — ;
Pl e Ei— e
i  am— QO [}Wﬂ —" — - o
[&vll@ﬂ.{ d., ) i 1] M Iﬂ  —
e {00 = T
i Ay \y ; —O— 1} : 1 Ba—
“ N\ V! 11L|.I,.m \ 1 A
e 1 e mam—_— — Mn_ e m
B— [ i ™ IS 45 N Mm—
| E— O 0O —/ \ 71y
\ i —1] i £ I
P S—
e O 1 A=
i \ , f
%J} - €I / N - ]
| / T — . 1 .~|h_
I 7 e = — e
N St i
5 - —] / =
Y > i — . m—
— lx—y!' ; : — _ I
; - - > ”
|LA~ — |- — S| == o) A
= —————— =
— \ 1
) == Pa _ =2 \_f
8 _ =5 = o
ﬂnﬂlﬂu..‘.ﬁ‘%m::iy o EEEE, e e
e e e o o A A A e TR T
~
N : Q ~ Q > N N ~ 0,0
N -
O P S
Q

/5 20 25

/10

a,deg

=21 bpf =bpg = 4

©) Cr

Figure 22.- Continued.

70



Sv,rt,deg . Sy,.t,deg

.6 n O o o
=8u -0 0

I
T
I

11T

Vi
I
I

J IS g5

Cy AR N T
.2 H
acaN 1

B o4 H

. peiin pEecs

q sl L) ST TR

O a m
JEEce

RY RS 20 T

© | Lo O aT H
] A ] HH

& € e i

i

-/ T

N
A
M1

HHTTE
’A,,4:F o
Fugh ]
= 3 B! LT 1 r I
/A:l’ ]
- ui 2l -4
BT H T i
| i
-4 ]
10 sl Ul
‘“Zb~\\\
maaty
™~ |
C7 N N 1
c =1 H
q H
i o bl I N [T
\->'__‘~«>‘"C)———rT__C).—qEF‘t:EI_ || Il
- /0 B ‘:Et:::~§_(— N ]

[N

-lo -5 o 5 10 /15 20 25
a,deg

(d Cr=7L dpp =0pR = 60°

Figure 22.- Continued.

1



-_:; - //’;
N

i P

. é‘y,m,deg SV,Ll,deg

TTTTTIT

]
o~
>

I
T
T
T

H o) 7] o

|

i’ ) -/0 10 mEg

T

4 . M

BN NN RN R

IS RN NN EEEE
T

S
"
]
N\
T

17

]
]
1

1
TTTTT
PO

IR
S

—————

1

11T
|

|4

RSN
+ T
T T

M-

T T TR
T

T
N
7
I

TTTT
T
Z

1
v
7.

N
T

KA
—

TTIT

T
I
z
VA

N ||
-3 sasaazaattolll} s
TV -ﬁ_>~~—_‘4:L_‘~N s LNN\\
B uANEER g% (L1 LL
I ) 1 N ~\:Ej
1 L7

-10 -5 o 5 /10 15 20
a,deg

(e} Cr = 25.0; GD,F = bD,R =750,

Figure 22.- Continued.

72

25




Cns

»

Lo wnE
L H
o X g HH
D T -
LD C Nmaant 1l ]
\\ i
| H
N
\ 14
A\ SEE
R ! Eas
Tt Sv,re.deg  Sy,i1,0€g EEs
i O o o i HH
o -10 10 L
- Jaa .-.r/——~= :_
EY/’ WJ\\\ ']
/// N
& i
(LA N :( Il
AL i

11

B l’"’”—c AT us
-
Rl &=
U‘“"""’:]’ T
i i
|
I M[ | e
E::l}:—;.:_\j_: | El'[ H
| l i I: TI_F N ”’J:)’,
i RSN 3] __j:;&\___cy—-""‘:r/ ]
NN

z
1
{

iz
I
Hao ]
i

1
I |
!

IS

T

ey
i,

o 5 /10 /15 20
a,deg

N
O

() Cr = 60.0; &pf =BpRr = 90°.

Figure 22.- Continued.

73



05
/ FL} &=0°
-05

O/

-0/
//-;-/y_-.oc b
=02
-03
.0/
/F;'/€=0° b

-0/

-.02

T
I

T T
0 O
TP

T

T

111

SEEEEEEEENEEREEN NN R
t 1 -+ +

T

| I S I I I

IENEREE]

T 7T

TIIT

]

11T

A

T T T T

INEENEREN|

T T T

IEEEEREEE

—+

<
N]

74

X

I LD]

Py
1G]

T

Y.

I, ﬂn\
Lt==1"1 Ll \\\
g
= ™
T T Gy L
Tt i
-t
Sv,rr,deg  Sy,Lr,deg
o o o
o -10 /10
LT '>~‘\
Jii%e Wy
L o
////O’ i TG
L]
LLED
,//
[
///,
| LT
LT M
JaNss iy
| L
€
T z ,///
HLL | Lo
U LT
B s Sull
cssantllly L
i TR

5 10 /5 20 25
a,deg

(g Cy =90 GD,F = 6D,R = 9QY.

Figure 22.- Concluded.



10 |
W
% { Tﬁ@%:s ;E
| | ) H
I I r | | l 1 IH
o ‘ | a
st
Cy- 5 | \:;%EEEM
| IHREE s S
EE Tail -wing \‘&:Eﬁt?g\ A
-10 f fairing N \:E#\ s
ﬁ; o / TT R L
HH O 2 ez
-1.5 = <O 3 +H
ii A g F :E
H oo H
04 HOS o Iy i
~ ;E— TN HA
02 %ﬁ \%L E
TN i
G y o bl \\%EE\ /::‘“:8
” | il I
%1 1 I
-04
| i
101l il ! 1
el I
Sl
o l TR HH
Cos . w M@% i
05 i \:%EathﬁC n—i:' _:#:=J<> Jﬁﬁ;?
-/10 ]T‘ ‘ W ’ J_JJE
-/15 -/0 -5 o 5 10 15 20 25 30 35
A, deg
(a) a =0,

Figure 23.- Effect of tail-wing fairing size and shape on sideslip characteristics. 8pp = 2%; bpr = -3%
6va = 6V,R = 09, vertical tail 4 Hy it = 0%; propellers windmilling.

75



16

0

TTIT
T

tn
[T

3

T
1
I

T

Tt

MH

Teladel
1 Ml

!
Tail-wing
fairing 1 T

#

T
T
I
T

o / N
O 2 HHH
<o 3 HHH
A 4 ]
N S
al 6f H
o Of il
T A
art siciise iy

A Y gi
TN
A Y

LY
f o
W/4Vi

AR V¥
ALT 1Y

IlIlI[lIIl;llJ_L HEN

IENEENNYES IERENE NN

IEEEE NS
N

T

NN EEREEI
1

|EEENRE]

AL Y
LR WY
AN Y

T

T !ll[ I

-5 17, 5 10 /5 20 25 30
£,deg

(b} o =80,

Figure 23.- Concluded.

35

NASA-Langley, 1968 —— 2

L.-5582



